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Abstract
Due to the wide use of screen colors today, our research discusses the limit value of Landolt-C ring and selects the four screen color 
Landolt-C ring with consistent differentiation abilities. Experiment results show that regarding Landolt-C ring color samples with 
saturation differences, the four samples of red R2(H: 0ŰˈS: 70%ˈB: 100%), green G7(H: 120ŰˈS: 100%ˈB: 70%), blue B11(H:
240ŰˈS: 70%ˈB: 70%), and white W16(H: 360ŰˈS: 0%ˈB: 65%) showed the closest reaction time results to the average value, 
with the least difference in between. The results were average reaction time of 556 milliseconds for red (R2), average reaction time 
of 556 milliseconds for green (G7), average reaction time of 557 milliseconds for blue (B11), and average reaction time of 555
milliseconds for white (W16).
© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of AHFE Conference.
Keywords:Primary colors; Screen colors; Reaction time; Landolt-C ring;
1. Introduction
Defective screen designs decrease the speed of information processing and increase error rate. Hence, screen 
interface design is of extreme importance to users. Callahan [1] suggested that color is an important factor of screen 
interface design. In terms of color factors, the human vision color production system possesses two types of 
light-detector cells, cone cells and rod cells. The cone cells are further divided into three types, each sensitive to 
spectrums of different wave lengths. Therefore, our vision creates different levels of stimulation when receiving colors 
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of different wave lengths, showing positive or negative results of human psychological and biological effects on 
everyday visual behavior. Rodieck [2] pointed out that the human vision is highly dependent. In the process of color 
vision reception, it provides a high visual for the day and a high sensitivity for the night. The reactions of the different 
cells on the retina provide humans with the ability of light perception. The rod cells provide visual sensitivity under 
dark conditions while the cone cells provide the visual ability of color recognition under bright conditions. Zrenner [3]
mentioned in the research that cone cells provide a high space differentiation rate during color adaptation, while rod 
cells produce lower space differentiation rate and tintless visual under dim conditions. The production of vision 
primarily relies on the function of these two types of cells to transform light source illumination and color images to 
electrical and chemical signals. In addition, Bridger [4] pointed out in a book that rod cells are more sensitive to light 
than cone cells, hence are extremely important to our scotopic vision. Strong light bleaches rod cells and causes 
malfunction. At the same time, cone cells replace the position of rod cells and the photopic vision system takes over.
Dombrowe, Olivers & Donk [5] used the variance of color and brightness to analyze the effects on visual attention, 
and compare it with the time factors of stimulation. The results mentioned that in the extremely short time after 
stimulation happens, the variance of color and light had a significant effect on visual attention.Nascimento [6]
mentioned in the research to control indoor lighting to increase the object color recognition abilities of normal people 
and people with color recognition disabilities. Researches pointed out that sufficiently lit environments increase 
participants’ recognition results by about 50%.Schiefer et al. [7] pointed out in a research discussing the effect of 
stimulus eccentricity, light source illumination, and shifting direction on reaction time, that under bright lit conditions, 
reaction time threshold subsequently decreases, and while the eccentricity of a task increases, the reaction time
threshold subsequently increases. In this research, the external and internal factors are maintained in order to decrease 
the experiment data variance between each participant. The reaction time task was designed so that before the color 
adaptation stage prior to each task is over, a notifying beep is added. This is to prepare the participants and increase 
concentration at the beginning of the task after a long color adaptation process in order to obtain the best reaction time.
We can conclude from the above literature review chapters that: (1) The primary reason for the human eye to obtain 
and differentiate colors is the operation of the three types of cone cells on the retina and the information 
communication of the visual cortex; (2) The human eye reaction to color produces different recognition abilities 
depending on the brightness of the light source in the surroundings. It also varies with the object brightness and 
saturation; (3) Inappropriate designs of colored lights can significantly decrease the visual abilities of users. However, 
colored lights can also be used efficiently to significantly increase the visual abilities.This research aims at the gap size 
limitation value of the Landolt-C ring. The visual acuity formula is first used to calculate the differentiation limitation 
of gap sizes under different visual abilities as experiment samples, finding the differentiation limitation value of 
Landolt-C rings under screen colored lights. Next, screen colored light samples were selected for the Landolt-C rings, 
choosing four colors red, green, blue, and white. 
2. Methods
This research aims at the gap size limitation value of the Landolt-C ring. The visual acuity formula is first used to 
calculate the differentiation limitation of gap sizes under different visual abilities as experiment samples. However, in 
order to conduct a user-centered research, the psychophysical absolute threshold measurement was used to design the 
experiment. In addition, screen colored light samples were selected for the Landolt-C rings, choosing four colors red, 
green, blue, and white. However, taken into account that even though the light and saturation values of the four colors 
were set at 100%, participants still showed different levels of difficulty in differentiation, in order to decrease the 
difference in reaction time due to this, the light and saturation of the colors were adjusted. Experiment one was 
repeated using the differentiation of the Landolt-C gaps to select four screen colors with consistent differentiation 
level.
2.1. Experiment One: Landolt-C ring size limitation value measurement
2.1.1. Experiment planning and contents
The experiment first sets the Landolt-C ring gap directions and size parameters according to information obtained 
from literature review then proceed with experiment task operation.
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2.1.1.1. Landolt-C ring gap direction setting
Schrauf & Stern [8] used Landolt-C optotypes to design experiments to evaluate the ability of human visions to 
differentiate positions. The experiment was designed so that the stroke thickness of Landolt rings is one fifth of the 
overall width, the gap size is also one fifth of the overall width, while the gaps open in eight different directions: up, 
down, left, right, top right, bottom right, top left, and bottom left, in order to analyze the differentiation acuity of 
absolute different directions. Experiment method uses the size levels of the optotype, dividing the task into four stages. 
Each task shows ten Landolt-C rings of the same size but different gap directions. 
Participants are required to show each direction in turn. Each stage ends when six correct answers are given then 
proceeds to the next stage of experiments in order. Experiment results show that the lowest rate occurs when the gap 
opens at 6 o’clock direction, and show no significant difference between gap directions left, right, perpendicular gaps, 
and diagonal angle gaps. The above research also recommends that when designing the gap of Landolt-C rings, 
excessive directions should be avoided in order to avoid the effect downward gaps have on visual acuity. Hence, this 
study has chosen four diagonal angle gaps of top right, bottom right, top left, and bottom left for the task. This is to 
avoid the interference of result data caused by the sensitivity differences toward gap directions.
2.1.1.2. Landolt-C ring size parameter setting for the task
The formula is V= d/D, while v is the vision measured, d is the actual distance of the participant in reading certain 
visual samples, and D is the theoretical distance for a normal vision person to see a sample. The human eyesight of 1.0 
represents a performance of recognizing objects of a 1 degree gap visual angle and a size of 5 degree visual angle at a 
distance of 6 meters (20 inches). Eyesight examinations often uses the opt type consisting of letters E or C, using 
different sizes and gap directions to examine the participant’s eyesight. A person with normal eyesight is able to 
recognize two dots with a minimum of 1 arc minute degree apart. Visual angles are the extension of object size to the 
angle visible by the human eye. Since visual angles are unaffected by viewing distances.
In the conclusion, it was suggested that for the problem of dazzles, VDT monitors should be 18 to 30 inches or 
about 45.72 to 72.6 centimeters away from the eye, with the top line slightly lower than visual level. The monitor 
should also be slightly slanted in order to significantly decrease the problem of reflection and dazzling.
In addition, since the participants selected for this experiment are all with eyesight of 0.8 or better, the setting of 
Landolt-C ring gap size samples will follow the corresponding stages for calculation. The distance between participant 
vision and the screen has been set at 70 centimeters, while the image height (H) represents the gap size of Landolt 
rings. The calculated results are shown in Table 1. The calculated height size is in mm, but since computer software 
Illustrator converts Landolt-C ring sizes to pixels, we have also listed the corresponding pixel per inch, PPI values.
Table 1. Corresponding Landolt-C ring gap size for eyesight standards.
Eyesight Visual Angle (VA)
(min)
Distance (D)
(cm)
Height (H)
(mm) (pixel)
0.8 1.25’
70
0.254 0.721
0.7 1.43’ 0.291 0.825
0.6 1.67’ 0.340 0.963
0.5 2’ 0.407 1.154
0.4 2.5’ 0.509 1.442
0.3 3.33’ 0.678 1.922
0.2 5’ 1.018 2.887
0.1 10’ 2.036 5.771
Fig. 1. Experiment task keyboard operation schemas.
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2.1.1.3. Experiment task operation
Experiment one tests the answers of Landolt-C ring gap directions. Computer keys were used for the corresponding 
diagonal angles, in which R corresponds to a top left ring gap, C corresponds to a bottom left ring gap, U corresponds 
to a top right ring gap, and M corresponds to a bottom right ring gap. The tasks were operated by asking participants to 
place their left thumb and index finger on keys C and R and their right thumb and index finger on keys M and U as 
shown on Figure1.
Each participant is required to complete 40 questions on Landolt-C ring gap directions given in random orders. A 
briefing was given before the experiment and a practice task was given. The experiment uses E-Prime software to 
present a single Landolt-C ring on the computer screen and asks participants to distinguish the gap direction and press 
the corresponding key as soon as they could. For example, when the screen shows a ring with a bottom right gap 
direction, the right thumb sitting on the M key needs to be pushed; when the monitor shows a ring with an upward 
facing gap, the left index finger needs to push down on the R key and so on. During the formal experiment, each 
participant receives 8 different Landolt-C ring sizes of 5 random direction tasks. The 5 random task directions are set 
by the random standards of the E-Prime software system, selecting a gap task out of the four. Therefore, each 
participant is required to complete a total of 40 tasks. Each Landolt-C ring gap size sample receives 150 data from the 
5 random direction tasks done by the 30 participants. In addition, when keys from the error zone were pressed, or a lack 
of reaction after 5 seconds, an error input is recorded. There will be no feedback to alarm the participants of input 
errors in order to avoid disturbance of the error on the next task.
2.1.2. Participants
A total of thirty participants between ages 21 and 28(average age of 24.4) were selected, including 15 male (average 
age 24.1), and 15 female (average age 24.7). Eyesight and color recognition examinations were given before the 
experiment to ensure sufficient eyesight abilities and color reception abilities. Since the experiment discusses color 
adaptation efficiency, it is necessary to confine the participants’ eyesight abilities. Their color recognition abilities 
were tested using the most common and easy way, the Ishihara color test, or the pseudo isochromatic test. This test 
arranges easily confused colored dots by the color blind to construct numbers, lines, or meaningless images. A color 
blind patient would struggle to distinguish the correct numbers, but are able to distinguish the numbers on meaningless 
images.
In addition, participants must reach a naked eyesight of 0.6 or better, with at least 0.5 or better for each eye, or 
adjusted eyesight of 0.8 or better, with at least 0.6 or better for each eye. The testing method used is the most 
commonly used Landolt-C ring for eyesight acuity. Since our experiment tasks are done using both eyes, the eyesight 
selection limit is set at adjusted eyesight of 0.8 or better for both eyes.
2.1.3. Experiment facility and space
According to the participant selection standard of our experiment, each participant needs to be tested on eyesight 
and color recognition. The eyesight testing chart manufactured by Chinhwa Medical Equipment Limited is used for the 
eyesight test, and the Ishihara color vision test chart is used for the color recognition test.
Eye-One Display 2 is used for laptop screen color correction to make sure the task text color numerical is both 
accurate and consistent. Color correction is done before each stage of the experiment in order to ensure the consistency 
of the screen control variable.The software used for this experiment is written by E-Prime Professional run on a laptop 
computer. 
In order to maintain the accuracy of experiment data, we confined participants’ reading posture to avoid harmful 
ones such as putting their hand under the chin, head on the table, and sideway views. The posture of participants at the 
beginning and the middle of the experiment is photographed for the record. Experiment space is designed to efficiently 
control the dark room space of our primary experiment. A sound-absorbing room is used for this experiment in order 
to avoid light sources and other factors that may decrease experiment data accuracy.
2.1.4. Experiment evaluation approach
The task environment simulates the usual working environment with illumination between 600~800lux. The HD 
brightness and contrast are both set at digital scale 50 for each participant. In addition, a person is placed on the left 
behind each participant to guide experiment procedures, record the experiment, and gives appropriate aid. The 
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experiment model is shown in diagram 3-8. Each participant ensures the eyes are 70 centimeters away from the 
monitor. Since there is no chin fixing device for the experiment, the recording person would observe the participants’ 
posture and eyesight distance to maintain the variable control of participants. When a participant moves away, the 
recording person would remind the participant to readjust the distance and maintain a 90 degrees angle between 
eyesight the monitor to avoid possible dazzles.
Participant carry out the task with randomly given Landolt-C ring gap size samples for each corresponding 
eyesight. Each participant is given a total of 40 tasks, 5 task stimulus of 8 different Landolt-C ring gap sizes, in order to 
cancel error rate from visual fatigue caused by order. 
The evaluation approach of this experiment uses the correct task completion number as the Landolt-C ring gap size 
limitation value analysis factor. The correct number data can be recorded by E-Prime and rearranged using Excel for 
descriptive analysis to obtain the actual Landolt-C ring gap size limitation results.
2.2. Experiment Two:Color selection of Landolt-C rings
2.2.1. Experiment planning and contents
2.2.1.1. Brightness and saturation settings of color samples
Four screen colors red, green, blue, and white were selected as the color samples of Landolt-C rings. According to 
Dombrowe, Olivers & Donk [5], within the extremely short period of the happening of color stimulation, the hue, 
brightness, and saturation differences do significantly affect visual concentration. Therefore, we took into account that 
even though the light and saturation values of the four colors can be set at 100%, participants would still show different 
levels of difficulty in differentiation, in order to decrease the difference in reaction time due to this, the light and 
saturation of the colors were adjusted. Considering the limitations of time and participant fatigue, we have increased 
hues to only four types for the independent variable color samples. Since information from our literature review does 
not show the exact level of brightness and saturation to cause increased or decreased concentration, we have designed 
our adjustment ratio to a decrease of 30% in brightness and saturation respectively for the three primary screen light 
colors of red, green, and blue. In addition, there is a mode in which both were lowered by 30% at the same time, and a 
control group of no change in brightness and saturation. These four types of adjustment were the setting basis for the 
three primary colors. In terms of white screen colored light, since its saturation is fixed at 0%, the brightness is adjusted 
to 85%, 65%, and 50% respectively. This stage of the experiment is also expecting to obtain an initial comparison of 
the effect different brightness and saturation adjustments may have on color eyesight abilities.
The independent variable of experiment two is the 16 Landolt-C ring color samples. Each color sample has been 
expanded to four types , including one in which both saturation and brightness maintain at 100%, one in which 
saturation is decreased by 30% while brightness maintains at 100%, one in which both saturation and brightness 
decrease by 30%, and one in which the saturation maintains at 100%and brightness decrease by 30%. The assigned 
group numbers are shown in Table 2. Red with 100% saturation and brightness is labeled R1, red with 30% less 
saturation and 100% brightness is labeled R2, red with both saturation and brightness decreased by 30% is labeled R3, 
and red with 100% saturation and 30% less brightness is named R4. So forth, the adjustment of hue, brightness, and 
saturation is listed in Fig. 6. The experiment uses the task of Landolt-C ring gap recognition to select four colored 
samples with consistent recognition abilities. As a result, Landolt-C colored rings of one red, one green, one blue, and 
one white will be selected.
2.2.1.2. Experiment task operation
The task operation of experiment two is the same as experiment one, using four computer keyboard keys to 
represent four corresponding gap directions. During the experiment, each participant is required to answer 48 
Landolt-C ring gap direction questions. The order is randomly arranged by the software E-Prime system to allow each 
participant a different experiment order to avoid data error caused by related learning and fatigue. A briefing and a 
practice task are given before the experiment. The experiment procedure is to use E-Prime to show a single Landolt-C
ring on the computer screen and ask the participant to differentiate the gap direction using the shortest possible time 
and input with the corresponding eye.
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In the official experiment, each participant receives 3 random direction task stimulations for each of the 16 
Landolt-C ring colors. The task frequency here is set as 3, different from experiment one, due to the consideration of 
limited time. Hence each participant receives a total of 48 tasks and each Landolt-C ring color sample receives 90 data. 
When a key in the error zone is pushed or a lack of response for more than 5 seconds, it is considered an error input, 
which would not be considered during data analysis. There would be no feedback rings or display for either an error or 
correct input.
Table 2. Landolt-C ring brightness and saturation settings.
Red Green Blue White
R1 G5 B9 W13
Hue  H 0° 120° 240° 360°
Saturation  S 100% 100% 100% 0%
Brightness  B 100% 100% 100% 100%
R2 G6 B10 W14
Hue  H 0° 120° 240° 360°
Saturation  S 70% 70% 70% 0%
Brightness  B 100% 100% 100% 85%
R3 G7 B11 W15
Hue  H 0° 120° 240° 360°
Saturation  S 70% 70% 70% 0%
Brightness  B 70% 70% 70% 65%
R4 G8 B12 W16
Hue  H 0° 120° 240° 360°
Saturation  S 100% 100% 100% 0%
Brightness  B 70% 70% 70% 50%
2.2.2. Participant, facility, and space
There were thirty participants for experiment two, fifteen male (average age 24) and fifteen female (average age 
24.3) aged between 20 and 28 (average age 24.1). Not all participants from this part come from the thirty participants 
from experiment 1. The participants were selected under the same standard as experiment one, with 0.8 or better 
eyesight and no color recognition problems. 
The experiment facilities and space are the same as experiment one, using E-prime to design and proceeds with the 
task.
2.2.3. Experiment analysis approach
The analysis approach uses task completion reaction time as the analysis factor. The reaction time data is recorded 
by E-Prime and arranged using Excel for further descriptive analysis. Obtaining the average reaction time value for the 
16 Landolt-C ring colored samples, then continue with selecting a Landolt-C ring colored sample from the four hues. 
The four selected Landolt-C ring samples must have consistent reaction time average.
3. Results and analysis
3.1. Experiment One
From this stage of the experiment, we obtained the limitation value of Landolt-C ring size, ẖ0.678mm which is 
experiment screen 1.922 pixels. Each participant did 5 tests for each eyesight level. Since there are 30 participants, 
each eyesight level includes 150 tasks. Table 3 below is a statistics of the accuracy frequency for each eyesight level. 
Results show that even though the original size limitation value was 0.254mm, experiment screen 0.72 pixels, the 
experiment results show that Landolt ring gaps are required to be 0.678mm. This states that for these 30 participants to 
reach 100% accuracy on gap directions, the vision acuity formula needs to reach eyesight level 0.3, as shown in Table 
3.
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Table 3. Accuracy abstract of corresponding gap size for each eyesight level.
Eyesight 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
C ring gap size (mm) 0.254 0.291 0.340 0.407 0.509 0.678 1.018 2.036
Accuracy frequency 0 9 85 129 142 150 150 150
From this part of the results, we can deduct the possible reasons being the difference in resolution. Resolution is an 
important factor for dot-matrix image quality and density. It also decides the detail level of presentation for viewers. 
Since variance exists in the calculation of resolution for printing and computer screen, it could be the cause of effect for 
our experiment. Since computer screens can not reach the high resolution printing colors do, screen pixels generally 
present a vaguer picture, causing an effect on the limitation value of Landolt-C ring gap sizes. This deduction leads us 
to our experiment result of a limitation value of gap size 0.678 mm, an eyesight level of 0.3 for participants to obtain 
100% accuracy. The verification of this part needs to be further studied and confirmed. The experiment design 
parameters of our research can provide reference for future studies of the similar field. 
Hence, in order to fulfill a user-centered research and to decrease variance caused by other interference factors, we 
will base our research on a 0.678 mm Landolt-C ring gap size to calculate the complete sizes of C rings and apply onto 
the second stage of our experiment.
3.2. Experiment Two
The experiment of 16 different brightness and saturation C ring samples showed that red R2(H: 0ŰˈS: 70%ˈB: 
100%)ǃgreen G7(H: 120ŰĭġS: 100%ˈB: 70%), blue B11(H: 240ŰS: 70%ˈB: 70%), and white W16(H: 360ŰˈS: 
0%ˈB: 65%) had reaction times closest to the average with least variance in between. The respective average reaction 
time were red (R2) 556 milliseconds, green (G7) 556 milliseconds, blue (B11) 557 milliseconds, and white (W16) 555 
milliseconds.
Colors without brightness and saturation adjustments red (R1), green (G5), blue (B9), and white (W13) C ring color 
samples showed a variance in average reaction times. R1 showed an average reaction time of 536 milliseconds, G5 522 
milliseconds, B9 544 milliseconds, and W13 528 milliseconds. From this result we can deduct that when showing on 
screen colors, even though color brightness and saturation are the same, participants could still show different eyesight 
towards different hues. This result can be compared to the Dombrowe, Olivers & Donk [5] study, in which they 
pointed out that in the extremely short instant of the happening of color stimulation, the hue, brightness, and saturation 
variances significantly affect the eyesight.
4. Discussion
Data from experiment one showed a significant difference between human eyesight on colored lights and color 
pigment. The general color pigment establishment of vision test formula obtained an eyesight level 0.8 standards of 
Landolt-C ring gap size of 0.254 mm, or 0.721 pixels. This means participants with eyesight level of 0.8 should be able 
to distinguish the gap direction with the size. However, when this size design is applied to colored lights, participants 
with the same eyesight level of 0.8 were unable to identify the C-ring gap directions. For this experiment, the standard 
was adjusted to eyesight level of 0.3, gap size 0.678 mm, or 1.922 pixels for participants to accurately distinguish the 
Landolt-C ring gap directions.
The experiment of 16 different brightness and saturation C ring samples showed that red R2, green G7, blue B11, 
and white W16 had reaction times closest to the average with least variance in between. Hence the second independent 
variable of our experiment uses these four colors as the color samples of Landolt-C rings, in order to decrease the 
interference factor of the significant difference Landolt-C ring colors have on reaction time. The results show that 
under the same brightness and saturation, users could still have different eyesight abilities due to different hues. We 
can see from the results that for the participants, there was extremely little difference in reaction time between a red 
hue (H: 0Ű) with 100% brightness and 70% saturation, and a green hue (H: 120Ű) with 70% brightness and 100% 
saturation.
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This conforms to the Dombrowe, Olivers & Donk [5] study, in which they pointed out that in the extremely short 
instant of the happening of color stimulation, the hue, brightness, and saturation variances significantly affect the 
eyesight. Hence we suggest that in this type of experiments of color vision reaction time, the consistency of the basic 
vision differentiation ability between the colors should be strongly considered to avoid data error caused by 
unbalanced color settings.
5. Conclusion 
In terms of Landolt-C ring size limitation value from experiment one, when Landolt C test is shown on screen color, 
the standard of eyesight level 0.8 should be lowered. With a distance of 70 cm, the standard of eyesight level 0.8 
should be lowered to 0.3 for gap size calculation. The gap size should be set at 0.678 mm, 1.922 pixels for users with 
0.8 eyesight levels to accurately distinguish the gap direction. This research deducted that screen resolution causes an 
effect on dot-matrix image qualities and densities, resulting in a difference in the conversion of eyesight and image 
height. The verification of this can be done in future studies using printings of different pigments and different screen 
resolutions or to find other factors. The results of experiment two of Landolt-C ring color sample selection showed that 
red R2(H˖0ɮˈS˖70%ˈB˖100%)ǃgreen G7(H˖120ɮˈS˖100%ˈB˖70%), blue B11(H˖240ɮˈS˖
70%ˈB˖70%), and white W16(H˖360ɮˈS˖0%ˈB˖65%) had reaction times closest to the average with least 
variance in between. The respective average reaction time were red (R2) 556 milliseconds, green (G7) 556 
milliseconds, blue (B11) 557 milliseconds, and white (W16) 555 milliseconds.
During the discussion of experiment two, we found that colors without brightness and saturation adjustments red 
(R1), green (G5), blue (B9), and white (W13) C ring color samples showed a significant variance in average reaction 
times. R1 showed an average reaction time of 536 milliseconds, G5 522 milliseconds, B9 544 milliseconds, and W13 
528 milliseconds. From the results we deducted that in terms of screen colored lights, participants may show different 
vision abilities under the same brightness and saturation. The design of screen colored lights significantly affects the 
eyesight abilities of participants. 
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